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Abstract: Let G = (V, E') be a graph. In this paper, we are introducing a new graph labeling technique called radial radio
mean labeling of graphs. A radial radio mean labeling of G is a function £:V(G) — {1, 2, ... ,n} satisfying the condition

(u)EFiw
dlu,v) + F*‘ﬂ&} =1+ (&) where d{{u, 7) represents the distance between any two vertices i, v € G and r(G)

represents the radius of G. The span of a radial radio mean labeling f is the largest integer in the range of f and it is denoted by
span(f). The radial radio mean number of G, denoted by rrimn(G) is the minimum span taken over all radial radio mean
labeling of &. In this paper, we have obtained the radial radio mean number of Mongolian tent and diamond graphs.
Keywords: Radio labeling, Radial radio labeling, Radial radio mean labeling, Radial radio mean graceful labeling, Mongolian
tent graph

I. INTRODUCTION
In this paper we have considered only simple, finite and connected graphs. In telecommunication systems, the most challenging
problem is to assign frequencies to different radio channels such that there is no interference between any two transistors and also
we have to minimize the usage of frequencies [5]. This problem can be modified as an graph theoretic problem where the radio
transmitters represents the vertices and adjacent transmitters are connected by an edge [2].
The problem of assigning frequencies to the radio transmitters is called as frequency assignment problem which was introduced by
William Hale [8]. In graph theory, the assignment of integers to vertices, edges or to both based on some condition is known as
graph labeling [4]. Gary Chartrand et al. [3] were motivated by this frequency assignment problem and introduced a new graph
labeling called Radio labeling. A radio labeling of a graph G is a function f: V(&) — {1,2,..,m} such that
d{u,v) + |f(u) — f(v)] = 1 + diam(6G). Motivated by this, KM. Kathiresan and S. Vimalajenifer [6] introduced the
concept of radial radio labeling. A radial radio labeling f of G is a function f: V'(G) — {1,2, ...,n} satisfying the condition,
d(u,v) + |f(u) — f(v)| = 1+ r(G) where (G represents the radius of the graph G and u, v € V(G). The above
condition is known as radial radio condition. The span of a radial radio labeling f is the largest integer in the range of f. The radial

radio number is the minimum span taken over all radial radio labelings of &G and is denoted by rr(G). That is,

rr(G) = ’“;" sew(e) £ (¥7), where the minimum runs over all radial radio labelings of G.

Motivated by this work, in this paper we propose new graph labeling technique called radial radio mean labeling. A radial radio
(ul+Flv
mean labeling of G is a function f: V(&) — {1, 2, ..., n} satisfying the condition d (, v) + Fdﬂﬁw =1+ r(&) where

d(u, v) represents the distance between the vertices 1¢, 12 and (G ) represents the radius of the graph G. The span of a radial
radio mean labeling f is the largest integer in the range of f and is denoted by spar(f ). The radial radio mean number of G,
denoted by rrmn( G ) is the minimum span taken over all radial radio mean labeling of G. Also we say radial radio mean labeling
as radial radio mean graceful labeling, if [V (G)| = rrmn(G).

Before we proceed to the next section, we give the bounds of Complete graph, Complete bipartite graph and star graphs.

1) Theorem 1.1. The radial radio mean number of complete graphs K,,, rrmn[:ffuj =n

2) Theorem 1.2. The radial radio mean number of complete bipartite graphs K rr"mn(f{mm) =m+n,

m.,n’

3) Theorem 1.3. The radial radio mean number of star graph § rrmn[.?”] =n+ 1

n
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In radio labeling, if V¥ (G) = rn(G) then the labeling is said to be radio graceful labeling. Similarly we say that radial radio mean
labeling to be radial radio mean graceful labeling if V' (G) = rrmn(G). It can be seen that Complete graph, Complete bipartite

graph and star graph satisfies the condition V{G) = rn(G) and hence they are said to be radial radio mean graceful labeling.
Further in this paper, we have obtained the radial radio mean number of Mongolian tent and diamond graphs. We have also proved
them to be radial radio mean graceful labeling.

Il. RADIAL RADIO MEAN NUMBER OF MONGOLIAN TENT GRAPH
In this section, the radial radio mean number of Mongolian tent graph has been investigated.

1) Definition 2.1. [7]. The Mongolian tent graph is a graph obtained from Ladder graph L, by adding a new vertex z above the
ladder and joining each vertex vy ;, 1 = j = n with z. See figure 1.

]
V2,1 V2,2 V2.3 V2,4 V2.5 V2n—1 V2,0

Fig. 1. MT'(n)

a) Remark 1. For our convenience, the vertices vy ;, 1 = j = 1 are considered to form the top row R, and the vertices

V- 1 = j = n forms the bottom row R of MT{(n).
e Lemma 2.1. The radial radio mean labeling of Mongolian tent graph will be at least 212 + 1
The Mongolian tent graph has 27 + 1 vertices and 41 — 2 edges. The radius of M'T'(r2) will be 2. Since the radial mean labeling
function is an bijective function, each vertex of MT (1) will be labelled with distinct integers. As there are 21 + 1 vertices in
MT(n), we will need at least 211 + 1 numbers to label all the vertices of M T (r1).
Therefore, rrmn(MT(n)) = 2n + 1.

°
7 8 9 10 11

Fig. 2. radial radio mean labeling of MT'(5)

e Theorem 2.1. The radial radio mean number of Mongolian tent graph will be at most 22 + 1,
Proof. Let {2, ¥y 1, ¥y 3. wes ¥y s V3 14 s Vg | be the vertex set of MT (1),

Label the top single vertex z as 1.
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The vertices in the top row of M T'(1) are labeled by the mapping,

flog;)=j+1L1<j <n (1)
And the vertices in the bottom row are labelled by the mapping,
flvo;) =n+j+11<j <n )

b) Claim. The mapping (1) and (2) are valid radial radio mean labeling

Let e, v be any two vertices of M T (7).

e Case 1. If the vertices 1t, 1 lies in top row

v' Case 1.1. Suppose if the vertices 1 and v are adjacent, then d (1, 7) = 1. In this case, the vertex 1 and v will be of the form
uw=vandv = uLHl,lik = n

Zk+3

-

"f': vy ;;]"'f'ilr‘-_ ?c+'_:'-‘

Therefore, by mapping (1), f[um) =k+ 1land f[uu{ﬂ) =k + 2Zand

Hence, d(u,v) + [M} =1+ [ﬁw =3

v' Case 1.2. If the vertices 1t and 17 are non adjacent, then d(w,v) = 1. Here the vertices 1 and v will be of the form u = V)
andv = vy ,a#+1,1< a,k = .
’-fl: Vy ?c:l+f'i”'_ ?c+a:'.‘

By mapping (1), =

- ’-Ek+ﬂ2+ﬁ-"1£ ka<n

pil! u;{}+fu:z:;f+._}'| - Fk +2+a

Therefore, in this case we have d{u, 1) + [ W = 3.

-

e Case 2. Let the vertices i, 17 lies in the bottom row.
v' Case 2.1. Suppose if the vertices 1 and w7 are adjacent, then the distance between them will be 1. In this case, the vertex 1 and
vwill beof theformu = v, andv = v, ., 1 <k < n

By mapping (2), f[ulk) =n+k+ land f(umﬂ:} =n+k+2and

F.iu;(]-ﬁ.:yh._q > 14 Fﬁzkﬂﬂ -3

"f':”: ir)"'f':”:.h'_]'-‘ _ ntik+3

-

Hence, d(u, v) + -

v' Case 2.2. If the vertices 1t and 1 are not adjacent, then the distance between these vertices will be more than 1. Here the
vertices u and v will be of the formu = v,y and v = vy, ,a# 1,1 < ak <n.

By mapping (2), Fu,y._ F{]|+;r.‘1,~._ “uﬂ - FH«Hﬂ’ i<ka<n

(o4 flvge ., e +3+
Therefore, in this case we have d {1, 17) + F v f""”'}] = [ -

-

>3

e Case 3. If the vertex 1t £ z and the vertex 17 is any one of the two rows, we will have the following sub cases.
v’ Case 3.1. If t € z and v is in top row, then the distance between 1t and 7 will be 1 by mapping (1) we have

|'f':z]' (v, ;{}] -

] Fczﬂf{u-_ﬂ

Therefore, d(u, v) + >1+3>=3.

v’ Case 3.2. f u €z and v € R, , then the distance between 1 and v will be at least 2 and by mapping (2) we have,
F'Zzﬂflivg ;ﬂ ~ 3

] [f':sz'iv: ;ﬂ

Therefore, d(u, v) + =1+3>=3

©IJRASET: All Rights are Reserved 2080




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 8 Issue VII July 2020- Available at www.ijraset.com

o Case 4. Suppose the vertex u € R, and v € R,
v' Case 4.1. In this case let the vertices u and v be adjacent. Then the distance between these vertices will be 1 and by mapping (1)

F':v-_ ;flltf-:vmw

and (2), = 2 and therefore,

-

d(u,v) + F—[y; F‘jﬁcyzﬂ = 3.

v' Case 4.2. If the vertices u and v are not adjacent, then the distance between these two vertices will be at least 2 and by mapping
(1) and (2), we have

d(u,v) + [w-‘ =3 1<km<nk#+m.
F(uﬂfliv}"

Hence, in all the cases it can be seen that d (e, v) + =1+r(G)

Therefore, mapping (1) and (2) are valid radial radio mean labeling.

By mapping (2), the vertex 75, receives the maximum labeling and it is given by f(u:m) =2Zn+ 1

Therefore, rrmn(MT(n]) = 2n+ 1.

Theorem 2.2. The radial radio mean number of MT' (n), rrmn{MT(n)) = 2n + 1.

Proof. The proof is obvious from Lemma 2.1 and Theorem 2.1.

Remark 2. As [V(MT(n))| = 2n+ 1land rrmn(MT(n)) = 2n+ 1, MT(n)is said to be radial radio mean graceful
labeling.

I11I.LRADIAL RADIO MEAN NUMBER OF DIAMOND GRAPH
1) Definition 3.1. [1]. Diamond graph denoted by D () is the graph obtained from Mongolian tent graph M T{n) by adding a
new vertex z and joining each vertex v, ;, 1 = j = 1 with z,. See Figure 3.

z
v1,1 U1,2 v1,3 V1,4 V1.5 U101 M.n
V21 V2.2 V2,3 V2.4 V25 V2 n—1 V2.n
21
Fig. 3. D(n)

a) Remark 3. For our convenience, the vertices of the form v, ;, 1 = j = mare considered to be in the top row R, and the
vertices of the form v ;, 1 < j = n forms the bottom row R; of D (1),

b) Lemma 3.1. The radial radio mean number of diamond graph will be at least 272 + 2.

Proof. The diamond graph D (1) has 2n + 2 vertices and 51 — 2 edges. The radius of D (n) is 3. We first label the top single

vertex z as 2. Then we label the vertex z, as 1. Now, we have to label the remaining 2n vertices of D (1. Therefore the remaining

2n vertices of D' (1) can be labelled by consecutive numbers. This implies that we need at least 272 numbers to label these vertices.

Together with the other two numbers, we will need at least 2n + 2 numbers to label all the vertices of D (7).

Therefore, rrmn(D(n)) = 2n+ 2.
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Fig. 4. radial radio mean number of D (5)

c) Theorem 3.1. The radial radio mean number of diamond graph D (n), rrmn(D(n)) < 2n+ 2.
Proof. Let{Z, Z,, 1) 1, V) 0, e, Vy s Va g o, Vs | be the vertex set of D (1),

Label the vertex z as 2 and = as 1.

The vertices in the top row R of D (1) is labeled by the mapping,

flog;)=j+21<j =n (3)
And the vertices in the bottom row are labelled by the mapping,
f[u:d-)=n+}'+2,1 =j =n 4)

d) Claim. The mapping (3) and (4) are valid radial radio mean labeling.

Let ¢, 1 be any two vertices of D (71).

e Case 1. If the vertices 1t, 1 lies in top row

v Casel.l Ifd(w,v)= 1

In this case, the vertex u and v will be of the formu = v, andv = v ., 1 Sk < n

Therefore, by mapping (3), f(ULk) =k+ 2and f(”mﬂ) =k+ 3and Flv" ;‘:wa"hﬂ = &8

-

-

Zk+5

-

Hence, d(u, v) +

v Casel.2 Ifd(w,v) = 1,
Here the vertices u and v will be of the formu = v, andv = vy, ,a# 1,1 < ak <n.

By mapplng (3)’ ’Vfl.lr"_ F{II+;fL1-"_ ?{+a:'-‘ - ":k+4+ﬂ

Therefore, in this case we have d{u, 17) + FI‘W}JT"F“"}] > FHHﬂ =4

El-i-’- -‘24.

w,li k,asn

- L]

-

e Case 2. Let the vertices i, 17 lies in the bottom row.
v Case 2.1. When d (1, v) = 1.
In this case, the vertex u and v will be of the form u = v, , and v = v7,,,,,1 < k < n.
(2 2 |+ Filvm 2y
By mapping (4), f(va,) =n+k+ 2and f(v, ., ) =n+k+3and F'L‘ ) :“L‘ “‘}-‘ ==
|: Bl
Therefore, d{w, v) + F—L"} f‘z“'q
v Case22 Ifd(w,v) = 1.
Here the vertices 1 and v will be of the form u = v, and v = vy, .. a #F 1,1 <ak =mn

By mapplng (4)’ ’:I‘[L"_ F{:I+:"I__1r"_ F{'HJ}-‘ -~ ":k'fii'!"'ﬁ-" j_ £ k’ﬂi n

antikto

=14+ "iu-l-ik-l-E-l -~ 4

-
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-

(o g )+ Flon gy, 2he+2
Hence, in this case we have d(t, v) + ’-f vai*s L"”‘}.‘ = ’- k+ﬂ” Jm.‘ =4

e Case 3. If the vertex 1 € z and the vertex 17 is any one of the two rows, we will have the following sub cases.

v' Case 3.1. If e € z and v is in top row, then the distance between 1t and i» will be 1 by mapping (3) we have
F (=) +£(v, ;{}"

= 3.

Therefore, d(u, v) + [M1 =1+3=4

v Case32 Ifu€Ezand vE R, ,

-

[f (=34 F (v, ;{:I-| -

Then el (1, ) = 2 and by mapping (4) we have, =3

F':z]'-hr"fvg ;f}"

Therefore, d(u, v) + >2+3>=4

e Case 4. If the vertex 1 & 2, and the vertex ¥’ is any one of the two row
The proof is similar to case 3.

e Case 5. Suppose the vertex it € Ry and v € R,

v Case5.1 Ifd(w,v)=1

In this case, by mapping (3) and (4), = 4 and therefore,

F':v-_ ;flltf-:vmw

d(u,v) + F'ﬁv-_:c):f'iv:k}" -4

v Case52 Ifd{u,v)=1
Then by mapping (3) and (4), we have

d(u,v) + [w-‘ >4 1<km<nk#m.
F(uﬂfliv}"

Hence, in all the cases it can be seen that d (e, v) + =1+r(G)

Therefore, mapping (3) and (4) are valid radial radio mean labeling.
By mapping (4), the vertex v7,,, receives the maximum label and it is given by f(ugm) =2n+ 2

Hence, rrmn[D (n)) < 2n+ 2.

2) Theorem 3.2. The radial radio mean number of D (n),rrmn(D(n)) = 2n + 2.
Proof. The proof is obvious from Lemma 3.1 and Theorem 3.1.

a) Remark 4. As |[V(D(n))| = 2n+ 2 and rrmn(D(n)) = 2n+4 2, D(n)is said to be radial radio mean graceful
labeling.

IV.CONCLUSIONS
In this paper, we have introduced a new graph labeling and found out the exact radial radio mean number of Mongolian tent and
diamond graphs. Also we have proved that these graphs are radial radio mean graceful labeling. This work can be further extended
to other networks also.

REFERENCES

[1]  Ahmad Ali and Ruxandra Marinescu-Ghemeci, "Radio labeling of some ladder-related graphs”, Math. Rep.(Bucur.) Vol. 19, Issue 69, pp. 107-119, 2017.

[2]  Arputha Jose T, Venugopal P, Gomathi S, “Radio Labeling of Certain Graphs”(Submitted)

[3] Chartrand G, Erwin D and Zhang P, “Radio labeling of Graphs”, Bulletin of the Institute of Combinatorics and its Application, 33, 2001, pp. 77-85.

[4] M. Giridaran, “Application of Super Magic Labeling in Cryptography”, International Journal of Innovative Research in Science, Engineering and Technology,
Vol. 9, Issue 6, pp. 4816 —4822, 2020.

[5] Kang Shin Min, Saima Nazeer, Wagas Nazeer, Imrana Kousar and Y. C. Kwun, “Radio labeling and radio Number of caterpillar related graphs”, Mitteilungen
Klosterneuburg, Vol. 65, 2015, 149-159.

[6] KM. Kathiresan, S. Vimalajenifer, “Radial Radio Number of Graphs”(Submitted)

[71  Kins Yenoke, Arputha Jose T, Venugopal P, “On The Radio Antipodal Mean Number Of Certain Types of Ladder Graphs”, International Journal of
Innovative Research in Science, Engineering and Technology, Vol. 9, Issue 6, pp. 4607 — 4614, 2020.

[8]  William K. Hale, “Frequency Assignment: Theory and Applications”, in Proceedings of the IEEE, Vol. 68 Issue 12, pp. 1497-1514, 1980.

©IJRASET: All Rights are Reserved 2083




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




